In this paper we introduce a new approach for multi-agent simulation and statistical model checking that allows the use of very generic logical models based on the well-established situation calculus to describe the behavior of agents in the context of their environment. A consequent logic-based framework is achieved by combining the situation calculus with a first order version of bounded linear time logic (BLTL) as a property specification language. This creates a much more expressive and flexible modeling-verification workflow than existing solutions.
Introduction
In the analysis of multi-agent systems, one of the most common general approaches is the use of simulations to generate execution traces for a given system model that can then be examined with the most appropriate methods. Statistical model checking (SMC) can be regarded as a variant of this idea. Similar to traditional model checking approaches, SMC allows the use of temporal logics like linear temporal logic (LTL) [1] to specify certain requirements for the system (aka. properties). However, instead of using exact model checking algorithms, a statistical hypothesis test is performed on the recorded simulation traces to assure that the property is violated only with a certain maximal probability. This approach overcomes the critical state-space explosion problem of exact model checking. Statistical model checking has already been applied to various types of system models and with several different temporal logics. However, in existing solutions the monitored properties are in a way separated from the system model because they refer to symbolic logical propositions whose connection to the model have to be defined explicitly.
In order to achieve a better integration, we introduce an approach that uses the situation calculus to define system models in a first-order logic language. We combine this with an extended first-order version of bounded LTL (BLTL) that makes it possible to directly use concepts and entities of the system model in the property formulas. This leads to a very intuitive and expressive modeling approach with wide applicability. In the next sections, we first briefly mention some related work and their relevance to our solution. Section 3 shortly introduces the situation calculus together with some necessary extensions for the description of multi-agent systems. Then, the core simulation mechanism is described in section 4. After that, we describe the use of our approach for statistical model checking in section 5, first by describing syntax and semantics of our property specification language, and then by summarizing how the classical sequential probability ratio test of A. Wald [2] is integrated to perform hypothesis tests. Finally, the use of the approach is demonstrated by means of a small example in section 6 before we conclude in section 7.
Related Work
A rather recent overview about previous work in the field of statistical model checking can be found in [3] . Especially relevant to our approach is [4] where the authors also suggest the use of the sequential probability ratio test (SPRT). Instead of BLTL they use a variant of continuous stochastic logic (CSL) [5] , which also has a bounded until-operator but additionally supports nested probabilistic formulas. As in most work on SMC, the authors do not cover the topic of how the simulated model is defined in detail but rather point out that any discrete event model is supported. The situation calculus has already been used intensively as basis for a agent programming languages, particularly in GoLog [6] and its many descendants (e.g. [7, 8] ). While many of these systems can technically be used for discrete event simulation, no attempt has been made (to our knowledge) to integrate them directly with statistical model checking. Finally, there is a overwhelming number of systems for discrete event multi-agent simulation. Some of them (e.g. MASON [9] ) are very generic and in this respect similar to our system. While these solutions offer more or less declarative approaches to modeling, they are still not directly combinable with existing statistical model checkers.
Modeling Actions and Their Effects
Modeling and simulating the interaction of agents with each other and with their environment is traditionally done in a very problem-dependent fashion, ranging from simple models with a few variables to full-fledged 3D physics engines. As we show in the following sections, a very generic modeling approach can be realized by using an extended version of the well-known situation calculus.
The Classical Situation Calculus
The situation calculus [10,6] is a first order logic (FOL) language whose main ingredients are actions and fluents, which are variables whose values depend on the system's situation. Actions are encoded in the natural way by FOL functions, and fluents by functions or predicates that take a situation argument as
